Abstract
Introduction

26
Hydrates are crystalline cage structures which enclose low molecular-weight gases, 27 primarily methane. The most common type, stratigraphic deposits, form over geological 
142
In addition we derive the Arcsin Mielke score (AMS, Watterson (1996) 
Sea level models
149
There is considerable uncertainty associated with developing models of sea-level over 150 millennial timescales due to underlying sensitivities (i.e. changing orbit), uncertain long- 
With f xy the seafloor heat flux, we assume an average sediment thermal conductivity, Burwicz et al., 2011 Flow Commission data (Pollack et al., 1993) .
182
Once the local geothermal gradient is derived, down-column temperatures are calcu-
183
lated assuming an upper boundary specified by the pre-industrial in-situ BWT. Changes
184
in BWT are then transported through the sediment column using the thermal propaga- 
Where τ is the integration parameter, T (z = 0, t) is the seafloor temperature at time 187 t, and z is the depth below the seafloor. We assume a constant thermal diffusivity, χ of instantaneously.
196
For each time step we compute the top (THSZ) and bottom (BHSZ) of the hydrate 197 stability zone (HSZ) (Figure 2 ). Given a down-column temperature profile specified
198
at discrete depth bins we first compute the pressure at each depth, equivalent to the 199 overlying water and sediment using the following equation: We use the sediment porosity model described within Davis et al. (1990) 
We define two hydrate models. The first assumes that sediment pore space is uniformly 233 filled with a constant hydrate fill fraction of 0.01, a method similar to early global HSZ 234 estimations (MacDonald, 1990 , Milkov et al., 2003 . Results from this model can then 235 be linearly scaled given a global mean hydrate fill fraction. 
238
For each model we derive a pre-industrial inventory using fixed boundary conditions over (2006) ) are used to compute buried carbon fraction. Table 4 247 details geographically invariant variables used within the modelling.
248
Our calculations differ from Buffett and Archer (2004) MacDonald, 1990 , Gornitz and Fung, 1994 , Harvey and 281 Huang, 1995 , Dickens, 2001 ).
282
The evolution of gHSZv during and following RCP and ECP scenarios is shown within unrepresented residual heat propagating the water column through 2100 -2300.
290
Incorporating changes in sea level ( Supplementary Fig. 3 is modelled (as it may later contract). to 2100 are due to differences in model subsets (Table 3) .
323
The latitudinal distribution of HSZ reduction partitioned by overlying water depth is 324 shown within Figure 5 . We find HSZ reduction focussed within the Arctic and Subarctic.
325
Prior to 2100 the lower-latitudes contribute little but this intensifies over the next two dissociation rate. This is expected given the onset of significant change in gHSZv (Section 368 3.1 and Supplementary Fig. 3 ). 
Conclusions
486
In the results presented we attempt to quantify effects of temperature and sea-level The evolution of gHSZv depends strongly upon CO 2 -eq forcing. Sea-level change 492 effects becomes apparent in gHSZv-evolution from ∼2100 onwards but even the large 493 rates (>15 mm yr −1 ) cannot significantly counteract thermal effects even for low CO 2 -eq 494 forcing (i.e. RCP 4.5). From 2000 to 2300 gHSZv reduction primarily occurs in the
495
Arctic and Subarctic beneath <500 m water depth within the upper 100 m of sediment.
496
Prior to 2100 lower-latitudes contribute little but intensify over the next two centuries,
497
with dissociation occurring beneath deeper waters (>500 m).
498
Specifying hydrate-fill as a fixed-fraction of pore space, we find global dissociation rates there were no models that contributed to the ECP 6.0 experiment. 
717
728
Bottom of the Hydrate Stability Zone is denoted as BHSZ. fidelity for predictions to 2100 (Table 3) . Units are in km 3 of HSZ decade −1 . 
